Herbal drugs derived from rhizomes of Curcuma plants including Curcuma longa, C. zedoaria, etc. have attracted attention because of their antiinflammatory, 1) antihepatotoxic, 2) and neuroprotective activity.
Sequence Analysis of Chinese and Japanese Curcuma Drugs on the 18S rRNA Gene and trnK Gene and the Application of AmplificationRefractory Mutation System Analysis for Their Authentication
DNeasy Plant Mini Kit (QIAGEN, Germany) and purified using a GENE CLEAN II Kit (BIO101, U.S.A.). The 18S rRNA gene and trnK gene amplifications via PCR were performed using the method described in our previous paper. 6) In the case of PCR amplification of the trnK gene, part of the composition of the reaction mixture and cycling conditions were changed as follows: 2.25 mM MgCl 2 and 2.5 U Taq polymerase (Promega, U.S.A.); hot start at 94°C for 1 min, followed by 40 cycles at 94°C for 1 min, 52°C for 1 min, and 72°C for 1.5 min, and final extension at 72°C for 10 min. The PCR product, partly detected by 1.0% agarose gel electrophoresis, was purified using a QIA quick PCR Purification Kit (QIAGEN, Germany). Nested PCR Three pairs of primers flanking three different regions (reg. 1, CT23F-CT911R; reg. 2, CT902F-CT2385R; reg. 3, CT2240F-CT2675R) were synthesized to obtain three fragments covering the trnK gene region (Fig.  1) . The trnK gene amplification via PCR was performed using DNA of the drug as a template. Using this PCR product as a template, the second PCR amplifications of the three regions were performed under the following cycling conditions: hot start at 94°C for 1 min, followed by 35 cycles at 94°C for 1 min, 52°C (reg. 1), 56°C (reg. 2), or 48°C (reg. 3) for 1 min, and 72°C for 1 min, and final extension at 72°C for 5 min. Each PCR product was purified.
Sequencing Reaction, Sequencing, and Phylogenetic Analysis The same methods described previously were used.
6) The nucleotide sequence data of the five new species were recorded in the DDBJ, EMBL, and GenBank nucleotide sequence databases with the following accession numbers. Each species is shown with the accession numbers of the 18S rRNA gene and trnK gene sequences, respectively: C. chuanezhu, AB047711, AB047736; C. chuanhuangjiang, AB047712, AB047732; C. chuanyujin, AB047713, AB047733; C. sichuanensis, AB047722, AB047739; and C. yunnanensis, AB047725, AB047749.
ARMS Method for the 18S rRNA Gene On the basis of the nucleotide difference at position 234 (from upstream), two types of forward primers, CS234CF and CS234TF, were designed (Fig. 2) . Using either the CS234CF or CS234TF primer and a common reverse primer, ZR1108, complete 18S rRNA gene amplification via PCR was carried out together with DNA of the plant as a template in 50 ml of a reaction mixture composed of 1.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.25 mM of each primer, and 1.5 U Taq polymerase. The cycling conditions were: hot start at 94°C for 3 min, followed by 40 cycles at 94°C for 1 min, 67°C (CS234CF-ZR1108) or 66°C (CS234TF-ZR1108) for 45 s, and 72°C for 1 min, and Step 1, PCR amplification of the trnK gene using total DNA as a template; step 2, PCR amplifications of three regions within the trnK gene region using the total DNA or the first PCR product as a template, which gave three fragments. The broad half-arrows indicate PCR primers: trnK-3914F and trnK-2R, described in a previous paper 6) ; CT23F, 5Ј-AGTACTCGGCTTTTAAGTGC-3Ј; CT911R, 5Ј-TATAGAAACTGT-TGTTGCCG-3Ј; CT902F, 5Ј-TAGAAGAAGATAGATCTCGG-3Ј; CT2385R, 5Ј-TTACCAAGTCATTGATACGG-3Ј; CT2240F, 5Ј-TTGCAAAGATTAAGTTCGGG-3Ј; CT2675R, 5Ј-TTTTCCTTGTTATAATAGGT-3Ј.
final extension at 72°C for 10 min. An aliquot (5 ml) of the resulting product was analyzed by 1.0% agarose gel electrophoresis.
ARMS Method for trnK Gene Based on the base substitutions and insertion or deletion between the trnK 5Ј-coding region and the matK gene region among the six species, four species-specific reverse primers were designed: CT177AR for the Japanese population of C. zedoaria and purple-cloud type of C. kwangsiensis; CT531TR for the pubescent type of C. kwangsiensis and C. wenyujin; CT645AR for C. aromatica; and CT30MER for C. phaeocaulis and the Chinese population of C. zedoaria ( Fig. 2) . At the same time, a common forward primer, CT23F, and a common reverse primer, CT911R, were prepared. The trnK gene amplification via PCR was carried out using DNA of the plant as a template in 25 ml of a reaction mixture composed of 1.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.75 U Taq polymerase, and a mixture of each primer (CT23F 0.15 mM, CT177AR 0.15 mM, CT531TR 0.15 mM, CT645AR 0.15 mM, CT30MER 0.05 mM, and CT911R 0.02 mM). The cycling conditions were: hot start at 94°C for 1 min, followed by 35 cycles at 94°C for 30 s, 55°C for 1 min, and 72°C for 1 min, and final extension at 72°C for 10 min. An aliquot (10 ml) of the resulting product was analyzed by 5.0% polyacrylamide gel electrophoresis. In the case of Curcuma drugs, the purified PCR product of the trnK gene was used as a template.
RESULTS AND DISCUSSION
Sequence Analysis of Curcuma Drugs The 18S rRNA gene was amplified successfully via PCR using DNAs of the drugs as templates to obtain a product of about 1.8 kb. However, the direct amplification of the trnK gene did not produce the expected product. Since the DNAs of drugs were cleaved and the trnK gene sequence was longer than that of 18S rRNA, the trnK gene amplification was thought to be difficult using the conventional method for case of plants. Therefore, the trnK gene region was divided into three overlapping sections, and PCR amplifications were performed using the template DNA of the drug and one of three pairs of the primers CT23F-CT911R, CT902F-CT2385R, and CT2240F-CT2675R in region 1, 2, and 3, respectively ( Fig.  1 ). In the four drugs (TMPW specimen reference numbers 19911, 20283, 20284, and 20285), these amplifications generated three PCR products, of which the sequences were 897-904 bp, 1503 bp, and 447 bp in length, respectively. However, no products were obtained from the other 21 drugs for which nested PCR was performed. First, complete trnK gene amplification via PCR was performed using DNA of the drug as a template (no fragment was observed in electrophoretic profile), and second, PCR amplifications of the above three regions were performed using the three pairs of primers and the first PCR product as a template (Fig. 1) . As a result, three types of PCR product were obtained and their sequences were determined. Six types (1-6) of nucleotide sequence were observed in combined 18S rRNA gene and trnK gene sequences of Curcuma drugs as well as plants (Fig. 3) . Moreover, one base deletion was detected within the same type at the polythymine region between nucleotide positions 501 to 514 of the trnK gene (a, b). Comparing the sequences of the drugs with those of six Curcuma species reported previously, 6) the botanical origins of 25 drugs were determined ( Table 2 ). The drugs with types 1a, 1b, and 1c sequences (TMPW nos. 20208, 20233, 21051, 20234, 19910, 
. Locations of Primers for ARMS Methods
A primer set of either CS234CF and ZR1108 or CS234TF and ZR1108 was used in the ARMS method for the 18S rRNA gene. A primer mixture of CT23F, CT177AR, CT531TR, CT645AR, CT30MER, and CT911R was used in the ARMS method for the trnK gene. The numerals in italics along the diagrams indicate the aligned nucleotide position from the 5Ј end of the forward primers: 18S-5ЈF (18S rRNA gene) and trnK-3914F (trnK gene). The broad half-arrows indicate primers used in the ARMS method: CS234CF, 5Ј-TAAAAGGTCGATGCGGGCTC-3Ј; CS234TF, 5Ј-TAAAAGGTCGATGCGGGCTT-3Ј; ZR1108, 5Ј-CCATACTCCCCCCGGAACC-3Ј; CT23F and CT911R, see Fig. 1 .; CT177AR, 5Ј-TTTCAATGAAAATAAAATAATAAATCTATTT-3Ј; CT531TR, 5Ј-GTCTCTAACCCATAATAATA-3Ј; CT645AR, 5Ј-GGTTTATCTTCGTTATAATTAT-3Ј; CT30MER, 5Ј-ATATACAATAATAATAAAAAACCTGTATGT-3Ј. CN, Chinese population; JP, Japanese population; pl, purple-cloud type; gl, pubescent type.
19923, 19925, and 20283) were identified as C. longa. Although 1c had one base deletion at position 2467 in the trnK gene, the components with the 1c sequence were thought to be derived from C. longa, because they were mixed with the components of 1a in specimen no. 19910 and base deletions frequently occur in intron regions.
9) The drugs with the type 2 sequence, possessing an insertion from positions 728 to 731 (nos. 20237, 20235, 20288, and parts of 19912 and 19926) were identified as C. phaeocaulis, not as the Chinese population of C. zedoaria, because the latter was not seen in cultivated areas but only in botanical gardens. 10) Among the drugs with the 3a sequence, specimen no. 20285 was identified as the Japanese population of C. zedoaria, and the ingredients of nos. 19912 and 19926 as the purple-cloud type of C. kwangsiensis based on information on each producing area. In Japan, C. longa, C. zedoaria, and C. aromatica are only cultivated. The drugs with the 4a sequence (nos. 21041, 21049, 21042, 21052, and part of 19912), those with the 5 sequence (nos. 21099, 20018, 21101, 20020, 21093, and 19911) , and that with the 6a sequence (no. 20284) were identified as the pubescent type of C. kwangsiensis, C. wenyujin, and C. aromatica, respectively. Specimens nos. 19912 and 19926 were found to be mixtures of C. phaeocaulis and both types or the purple-cloud type of C. kwangsiensis.
ARMS Method for the 18S rRNA Gene Expectedly, PCR amplification with the CS234CF primer generated a fragment of 912 bp when the DNAs of C. longa, C. phaeocaulis, the Chinese population of C. zedoaria, and C. aromatica were used as templates, whereas no fragment was generated when the DNAs of the Japanese population of C. zedoaria and pubescent type of C. kwangsiensis were used (Fig. 4) . On the contrary, the PCR amplification with the CS234TF primer generated the same length of fragment when the DNAs of the latter were used. However, when the DNAs of the purple-cloud type of C. kwangsiensis and C. wenyujin were used, PCR amplifications with both CS234CF and CS234TF unexpectedly generated a fragment. This result suggested that purple-cloud type of C. kwangsiensis and C. wenyujin were heterozygotes. Although the ARMS method was applied to Curcuma drugs, no fragment was generated in the PCR amplifications with each primer.
ARMS Method for the trnK Gene The PCR amplification with the mixture of four species-specific and two common primers generated a fragment of 897 or 898 bp when the DNA of C. longa was used (Fig. 5) . When DNAs of the other species or types were used, two fragments were generated, respectively: fragments of 903 and 730 bp in C. phaeocaulis and the Chinese population of C. zedoaria (only seen in botanical gardens); fragments of 900 or 901 and 185 bp in the Japanese population of C. zedoaria and the purple-cloud type of C. kwangsiensis; fragments of 901 and 527 or 528 bp in the pubescent type of C. kwangsiensis and C. wenyujin; and fragments of 903 or 904 and 641 or 642 bp in C. aromatica. Therefore C. longa, C. phaeocaulis, and C. aromatica were clearly identified based on their fragment patterns in the electrophoretic profile. The results obtained using the ARMS method were sufficient to classify the remaining Curcuma plants into two pairs, the Japanese population of C. zedoaria or purple-cloud type of C. kwangsiensis, and the pubescent type of C. kwangsiensis or C. wenyujin, but not the individuals. Accordingly, the information on their producing areas was found to be valuable, because the Japanese population of C. zedoaria was cultivated only in Japan, and C. wenyujin and both types of C. kwangsiensis were produced in Zhejiang Province and Guangxi Autonomous Region, China, respectively. This method was applied to Curcuma drugs as well as plants when purified PCR products of the trnK gene were used as the template. That is, drug specimens nos. 19910, 19923, 19925 , and 20283 gave a fragment of nearly 897 bp, indicating that their botanical origin was C. longa. Specimen no. 20284, which gave two fragments of nearly 903 and 641 bp, was identified as C. aromatica. Specimen no. 19911 with 901 and 527 bp fragments and no. 20285 with nearly 900 and 185 bp fragments were identified as C. wenyujin and the Japanese population of C. zedoaria, respectively, based on the pattern of each, together with the information on each producing area in Zhejiang and Japan. Specimens nos. 19912 and 19926 produced in Guangxi showed two types of fragment pattern: two fragments of 903 and 730 bp and those of nearly 900 and 185 bp were generated, respectively. The former was found to be of C. phaeocaulis and the latter of the purple-cloud type of C. kwangsiensis. Since two types of C. kwangsiensis are produced in Guangxi, as reported previously, 6) 10 ingredients selected randomly from specimen no. 19912 were examined by the ARMS method. The resulting products showed three fragment patterns (Fig. 5) , and this specimen was found to be a mixture of rhizomes of the mostly pubescent type of C. kwangsiensis, and C. phaeocaulis and the purple-cloud type of C. kwangsiensis.
18S rRNA Gene and trnK Gene Sequences of Five New Species The 18S rRNA gene and trnK gene sequences of C. sichuanensis corresponded completely to the type 1a or 1b sequence of C. longa. C. chuanezhu had the type 2 sequence like C. phaeocaulis, and C. chuanhuangjiang and C. chuanyujin had the type 6a sequence like C. aromatica. C. yunnanensis only possessed a specific trnK gene sequence of 2700 bp, which was similar to type 1a of C. longa except for the 12 successive thymines from nucleotide position 501 and PCR amplification with a primer set of either CS234CF and ZR1108 or CS234TF and ZR1108 was carried out using the DNA of each species as a template. CN, Chinese population; JP, Japanese population; pl, purple-cloud type; gl, pubescent type. 1 , a diagram of the expected fragment pattern of each species; A 2 , fragments generated in PCR amplification when the DNA of each species was used as a template; B 1 -B 3 , fragments when the DNA of each drug was used (1, drugs imported from China to Japan; 2, drugs produced in Japan; 3, 10 ingredients randomly selected from specimen no. 19912). The numerals over the electrophoretograms indicate specimen reference numbers of TMPW (Table 2) . Lane M, pBR322DNA-MspI Digest; MЈ, 1Kb DNA ladder; CN, Chinese population; JP, Japanese population; pl, purple-cloud type; gl, pubescent type. thymine at position 2575, and similar to type 2 of C. phaeocaulis except for the absence of the insertion. The phylogenetic tree reconstructed based on the trnK gene sequence using the UPGMA method among 11 Curcuma species showed that C. yunnanensis belonged to the same cluster as C. phaeocaulis. Morphologically, C. yunnanensis is characterized by the presence of a central terminal spike, and of a leaf blade with a purple-colored band as in C. phaeocaulis. A series of sequence analysis of the 18S rRNA and trnK genes suggested that 11 species of the genus Curcuma distributed in China and Japan could be converged in seven typical groups: the C. longa group (with type 1 sequence); C. phaeocaulis group (2); C. zedoaria group (3); C. kwangsiensis group (4); C. wenyujin group (5); C. aromatica group (6); and C. yunnanensis group (7) (Fig. 3) .
In the present study, we designed three pairs of primers to amplify three regions covering the trnK gene region and determined the trnK gene sequence of all Curcuma drugs using PCR amplification or nested PCR. Based on the sequence analysis of the trnK and 18S rRNA genes, 25 drugs were identified. Moreover, ARMS methods for both genes to identify the botanical origins of Curcuma plants and drugs more conveniently were developed. The ARMS method for the trnK gene could be applied to both Curcuma plants and drugs. However, that for the 18S rRNA gene could be applied only to plants. Now we are investigating the most suitable conditions by changing the annealing temperature and time, concentration of Mg 2ϩ , and other factors. Nevertheless, all drugs were identified using the ARMS method for the trnK gene together with the information on the producing area. On the other hand, the ARMS method results for the 18S rRNA gene suggested that C. wenyujin and the purple-cloud type of C. kwangsiensis examined here were heterozygotes. We are now investigating numerous specimens of these two species at the molecular and morphological levels, together with field observations, because C. kwangsiensis had two genotypes, the pubescent type and purple-cloud type, and the former had the same trnK gene sequence as that of C. wenyujin. These two species might have some relationship in their origin, which makes identification difficult without information on the producing area. At the same time, a determination of the correspondence between the genotype and phenotype of C. kwangsiensis is now underway. These taxonomic problems should be solved from the view point of plant taxonomy and drug authentication. Many Curcuma drugs sold under the name of "Ezhu" ("Gajutsu" in Japanese) identified in the present study as derived from C. kwangsiensis and C. wenyujin in addition to C. phaeocaulis are imported from China. This research point will be discussed in a forthcoming paper.
